solute in polymer indicated that strong affiliation between polymers and solutes, which leads to a strong partitioning effect, would actually slow down the diffusion process. The attraction force between the solution and the matrix becomes the molecular friction for the diffusion. Furthermore, those molecules that partition in the hair are larger than acetonitrile and 1-pentanenitrile. The size of the molecule could also contribute to the effect on the speed of diffusion as well as the molecular structure, like the difference between aliphatic hydrocarbons versus aromatic hydrocarbons.
INTRODUCTION
The number of products derived from genetically modified organisms (GMO) available in the market has been increasing in the last decade. However, the suspicion that these products are not safe for consumers has led public agencies in several countries to establish legislation requiring mandatory labeling of GMO foods and food ingredients. There are several common methods for GMO identification and classification: immunoassay TRAIT test for the specific detection of Roundup Readyt soybean; 1 Western blot; 2 enzyme-linked immunosorbant assay (ELISA) analyses based on protein information; 3 and polymerase chain reaction (PCR) analyses based on DNA information. 4, 5 Although these methods can be combined to quantify GMO in foods, in our view, the scientific community needs to test other methods for detection and quantification of GMO. Besides, these methods must also distinguish between GMO and non-GMO.
In recent years, alternative methods for identification of GMO using rapid and inexpensive analyses have been developed, such as optical spectroscopy. Roussel et al. 6 applied near-infrared (NIR) spectroscopy to distinguish Roundup Ready TM from conventional soybeans. NIR spectroscopy and Fourier-transform infrared (FT-IR) spectroscopy were independently applied to plants for the discrimination of genomics DNA from different genotypes. 7 In the case of FT-IR spectroscopy, when coupled with a photoacoustic (PAS) cell, it is possible to determine the mode of vibration of several kinds of materials, including plants 8 and foods. 9 Several studies demonstrated that FT-IR-PAS is a rapid and nondestructive technique and a powerful analytical tool for providing information about the mid-infrared absorption spectra. 10, 11 It involves direct measurement of the acoustic signal produced by the sample after the absorbed infrared radiation is converted into heat by the sample surface. 12, 13 The objective of the present Note is to show that the FT-IR-PAS technique could be a sensible method for distinguishing between transgenic and non-transgenic soybeans when combined with canonical discriminant analyses (CDA). The methodology was applied to two commercial pairs of soybean seeds extensively used in Brazil.
MATERIALS AND METHODS
Soybean Samples. Glyphosate, the active ingredient of Roundupt, is one of the most widely used herbicides with lower environmental impact.
14 It functions by inhibiting the activity of the enzyme 5-enolpyruvylshiki-mate-3-phosphate synthase (EPSPS). The EPSPS enzyme is critical in the metabolic pathway leading to development of essential aromatic amino acids. 15 The inhibition of EPSPS by glyphosate blocks the production of the amino acids and results in plant death. An alternate form of the EPSPS enzyme that is not inhibited by glyphosate, called CP4-EPSPS, was discovered in the Agrobacterium tumefaciens. This alternative gene was modified by adding a promoter that is recognized by plants and inserted into soybean to create the Roundup Readyt (RR) soybean. Since this modified RR soybean contains the CP4-EPSPS enzyme, it will not be killed by glyphosate. 16 Four varieties of soybean were analyzed in this study: BRS 133, BRS 245RR, EMBRAPA 59, and BRS 244RR, where BRS 133 and EMBRAPA 59 are conventional soybeans and BRS 245RR and BRS 244RR are transgenic ones. The BRS 245RR variety originates from genetic modification of the BRS 133 by the introduction of the Roundup Readyt gene and the BRS 244RR variety originates from genetic modification of the EMBRAPA 59 variety by introduction of the same gene. The four soybean seeds used in this investigation were developed by Brazilian Agricultural Research Corporation (EMBRAPA) and produced in the same environments. These varieties are widely used in several regions of Brazil.
For spectroscopic measurements, 200 (50 of each variety) soybean seeds were selected and cut in half, along the hilum, in order to analyze the superficial region of the cotyledon, without any special sample preparation. Only one half of each seed was used in our experimental procedure.
Fourier Transform Infrared Photoacoustic Spectroscopy. Mid-infrared spectroscopy was carried out with a ThermoNicolet Nexus 670 Spectrophotometer combined with a Photoacoustic detector (MTEC-300). The spectrophotometer was purged with pure nitrogen gas in order to eliminate CO 2 and water vapor during the experiment. The photoacoustic cell was purged with helium during all acquisitions. First, a reference spectrum was obtained with carbon black to normalize the sample spectra. For each variety, 50 samples were selected, and for each sample, 64 scans were realized. Spectra were obtained between 4000 and 400 cm À1 with 8 cm À1 resolution. The data were acquired by the Omnic Software that accompanies the commercial spectrophotometer used in this work.
Statistical Analysis. In order to quantify the differences in the analyzed soybean varieties, canonical discriminant analysis (CDA) was carried out for each obtained spectra. For this step, the wavenumbers of the peaks are used as factor (explanatory variables) and their intensities are used as response variables. The stepwise procedure was utilized to obtain a minimum model predicting the differentiation between varieties. This method was utilized to find the linear combinations of variables that maximize the probability of correctly assigning observations to their predetermined groups. 17 Figure 1 shows the average photoacoustic signal from 4000 to 400 cm À1 of two conventional and genetically modified soybean pairs: Fig. 1a , transgenic BRS 244RR and Fig. 1b , conventional EMBRAPA 59; and Fig. 1c transgenic BRS 245RR and Fig. 1d , conventional BRS 133. The indicated ten peaks correspond to neutral lipids, proteins, carbohydrates, amide I, and amide II of the seed. 18 Table I indicates their wavenumbers, functional groups, and modes of vibration. Although the intensities of these peaks can contribute significantly to this study, visual inspection of the spectra in Fig. 1 did not reveal considerable visible differences between them. As an example of the difficult interpretation, the broad band of OH centered on 3360 cm À1 overlaps with bands of other components, such as the N-H stretching at 3330 cm À1 present in amide; the 1747 cm À1 band corresponds to the lipid ester stretch of fat and appears to be identical for all samples; between 1470 and 1370 cm À1 , the modes of vibration bending of the CH 2 and CH 3 are also present, but their exact identification is very difficult. Due to these and other difficulties in the spectra interpretation, the ten peaks were selected in order to discriminate between transgenic and conventional soybean seeds by carrying out CDA.
RESULTS AND DISCUSSION
The results of CDA suggest significant differences between the soybean varieties (Wilk's lambda ¼ 0.368; F (21, 546) ¼ 10.845; P , 0.001). Statistically, seven peaks (1, 3, 4, 5, 6, 8, and 9 in Table I ) can be used to separate the varieties. The 3330 and 2923 cm À1 peaks are the best group soybean predictors in the first canonical root, while the peaks at 2854 and 1747 cm À1 are the best predictor in the second canonical root. Figure 2 shows the first two canonical roots, which explain 91.5% of the variance between soybean varieties, with the first and second canonical roots explaining 76.6% and 14.9% of the data variation, respectively. Only these two canonical roots were used to interpret our results. In order to quantify the difference between the studied varieties, the Mahalanobis distances were calculated and are exhibited in Table II . It is easy to observe that all pair-wise comparisons exhibited significant differences between varieties, with BRS 245RR and BRS 244RR showing the largest differences between them.
Among the peaks in the first canonical root, the 3330 cm
À1
peak in BRS 245RR has higher intensity value than BRS 244RR. On the other hand, the 2923 cm À1 peak intensity has higher values in BRS 244RR than BRS 245RR once they are negatively correlated. For the second canonical root, the peak at 2854 cm À1 for BRS 244RR has a higher intensity than BRS 133, and the 1747 cm À1 peak presents an inverse pattern, with higher values in BRS 133 and lower values in BRS 244RR.
CONCLUSION
In conclusion, the FT-IR-PAS method combined with CDA analysis was capable of distinguishing between the pairs BRS 245RR-BRS 133 and BRS 244RR-EMBRAPA 59 in a comparative analysis, directly in the grain. Unsaturated and neutral lipids, proteins, and carbohydrates (3330 and 2923 cm À1 ) were the most important functional groups in the process of discrimination of the four soybean varieties. Our results show the potential of this methodology; however, for an effective application, studies involving a large number of pairs and different environments are necessary. 
